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The classification of the Anura has been the subject of several 
investigations, which, however, yielded unsatisfactory results, probably 
owing to the fact that so little was known of the phylogeny of the 
forms constituting the orders. 


The first classification of the Salientia as it appears in Boulenger's 
Catalogue (1882) is chiefiy based on the work of Cope between the 
years 1864 and 1875. Various attempts have since been made to 
devise a more natural scheme for the classification of the Anura. 
Gadow based the classification of Amphibians on the nature of the 
vertebral column. 'This scheme was adopted by Nieden (1926) and 
largely by Boulenger (1910). As a basis of classification, dentition 
has proved worthless. 'The nature of the vertebral column, especially 
the sacral vertebrae, the shoulder girdle and cranial differences can 
only be used as additional evidence. 


In 1916 Nicholls devised an entirely new scheme as a basis of 
classification which Noble (1922) elaborated and substantiated with 
reference to his investigations on the thigh musculature. The present 
paper is a contribution to the knowledge of the thigh musculature 
of certain Ethiopian microranid forms. 


MATERIAL AND TECHNIGUE 


The thigh musculature of the following species has been inves- 
tigated:— 


Arthroleptella bicolor 
Cacosternum boettgeri 
Anhydrophryne rattrayi 
Microbatrachella capensis 
Arthroleptides martiensseni 
Petropedetes johnstoni 
Phrynobatrachus kinangopensis 
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'The material used was fixed either in alcohol or in formalin. Al 
material was decalcified in a HNO, solution (7.66 cc. conc. HNO, in 
100 ce. 60% alcohol) for one week, during which time the solutions 
were freguently changed. 'The acid was then neutralized in a 5% 
agueous solution of Na,SO, for twelve hours, washed in running 
tapwater for twenty-four hours and then bulkstained in acid haemalun 
for forthy-eight to seventy-two hours in order to obtain an overstain. 
Blueing was done in alkaline water, which was freguently changed 
during the twenty-four hours in which the material was left mn it. 
Instead of dehydrating with alcohol, dioxan, according to the instruc- 
tions of Romeis, was used. 'The material was embedded in parafiin 
wax with a melting point of 52” C. and sections were cut at a thickness 
Of 20 u. 


The sections were counterstained with van Giesoms stain in 
which the proportions of the ingredients were altered to give the 
best results. 'The microscopic observations were supplemented by 
drawings made at regular intervals with the aid of the Panphot 
Universal microscope. 'The larger specimens were also dissected. 


The specimens of Anhydrophryme were kindly supplied to me by 
the Director of the South African Museum, to whom |I express my 
thanks. The specimens of Arthroleptides martiensseni from the 
Uluguru Mountains, Tanganyika 'Territory, were presented to the 
Zoological Institute of the University of Stellenbosch by Mr. Arthur 
Loveridge of Harvard University and those of Petropedetes johnstoni, 
from the Cameroons, by Dr. F. R. Parrington of the University 
Museum of Zoology, Cambridge. I wish to record my indebtedness to 
both Mr. Loveridge and Dr. Parrington for supplying us with these 
rare specimens. 1 wish to thank Dr. C. A. du Toit and Prof. C. G. S. 
de Villiers for supplying me with the rest of the material and also 
for their valuable criticism and guidance. 


In tracing the homologies of muscles great value is attached to 
their nerve supply. Recently various authors have directed their 


attention to the guestion of the constaney of the nerve-muscle Supply. 


Foremost among these is Haines (1935), who discusses and eriticizes the 
hypotheses of Fiirbringer the essence of which according to Haines 
(op. it! p. 34) is! as follows — 


“The central proposition was that of the unbroken protoplasmic 
continuity of muscle and nerve elements throughout both phylogenetic 
evolution and individual development.” For a critical review of 
subseguent contributions to the problem, the reader is referred to 
Haines (1935). His main conclusions are: that muscles may be 
homologous in spite of changes of nerve supply; that the nerve supply 
may be useful in determining the homologies of muscles of animals 
belonging to the same class; and that “changes in the nerve supply 
are usually associated with a migration of the muscles so that these 
come to be nearer the nerve trunks which give them their new 
Supplies.” 


The only extensive account of the myology of the frog is that in 
EBcker-Wiedersheim-Gaupp's “Anatomie des Frosches” (1896—1899). 


In endeavouring to test the tazonomic value of thigh musculature, 
the following muscles have been found to show variations, musculus 
triceps femoris, m.adductor longus, m.adductor magnus, m.sartorius, 
m.semitendinosus, m.gracilis major and m.gracilis minor. 


The musculus triceps femoris is the name given by Gaupp to the 
musculus tensor fasciae latae, the m.cruralis and the m.glutaeus 
magnus which show a varying degree of fusion in the different forms. 


Noble (1922) groups the musculus cruralis and the m.glutaeus 
magnus together as the heads of a single muscle, which has no 
genetic relation to the m.tensor fasciae latae. He also states that, 
as originally described by Nussbaum (1893), there is a tendenecy, 
especially among the Pelobatids, towards the splitting off of a third 
posterior head from the cruralis-glutaeus mass. Incipiently this 
condition is also found in several Bufonids. 


Latsky (1930) considers the degree of fusion between the cruralis 
and glutaeus as an indication of the degree of specialization; the 
less fused, the greater the specialization. Assuming the correctness 
of this statement, Latsky concludes that Arthroleptella and Cacoster- 
um are the most primitive, Microbatrachella less primitive and 
Anhydrophryne the most specialized. 'The present investigation has 
revealed that Arthroleptides and Petropedetes are even more primitive 


than Arthroleptelia, Cacosternum, Phrynobatrachus and Anhydro- 
phryne as the cruralis and glutaeus are fused over a greater distance. 
These forms form an intermediate group between the Petropeditinae 
and Microbatrachella. In Microbatrachella, contrary to Latsky's state- 
ment, there is no fusion between the cruralis and the glutaeus, these 
muscles being individually attached to a common tendon which lies 


m.semim. 


FIG. I.—Transverse section through the left thigh of “Microbatra- 
chella capensis”. 
D., dorsal; M., median; m. add. long., musculus adductor 1ongus; 
m. add. mag. musculus adductor magnus; m. Cr., musculus 
eruralis; m. gl. mag. musculus glutaeus magnus; m. gr. maj. 
musculus gracilis major; m. gr. min., musculus gracilis minor; 
m. ileo-fib., musculus ileo-fibularis; m. il int., musculus iliacus 
internus; m. sart., musculus sartorius; m. semim., musculus 
semimembranosus; m. semit. (c.C.), museulus semitendinosus 
(caput dorsale); m. semit. (e.v.), musculus semitendinosus (caput 
ventrale); L., lateral; V., ventral. 


over the knee-joint in the form of a hood. 'There is also a definite 
fusion between the cruralis and glutaeus of Anhydrophryne before 
they become attached to the common tendon. According to Latsky's 


assumption, this fact would make Anhydrophryne more primitive than 
Microbatrachella. 
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adem EE section through the left thigh of “Anhydrophryne 

D. EE EE ar triceps femoris. Other abbreviations as 
Seeing that such primitive genera as Ascaphus and Hymenochirus 
have a well developed tensor fasciae latae, Noble (1922) concludes 
that the diminutive size of this muscle in most long-legged Ranids, 
Bufonids and Hylids is secondary, being due to their mode of living. 
He also states that the variations of its insertion relative to the 
Cruralis and glutaeus are probably of no phylogenetic significance. 
An interesting condition is described by Beddard (1908) (guoted from 
Latsky) in Breviceps verrucosus, where this muscle is attached in- 
dependently to the knee. lLatsky (1930) failed to find a similar 
condition in either Breviceps mosambicus or Breviceps parvus, but 
found the muscle to be absent in the latter and also in Microhyla. 
There are no variations in the Ranids investigated. The tensor fasciae 
latae is attached to the ilium and appears as a slip of the cruralis- 

glutaeus mass to which it is distally attached. 


Noble (1929) ascribes the origin of the 'adductor longus. to the 
splitting off of a separate head from the pectineus. 'To prove this, he 


refers to the fact that the adductor longus is not only absent in the 
primitive Discoglossids and Pelobatids but also in the primitive 
Pipids. lLatsky (1930) considers the absence of the adductor longus 
in the primitive Pipids to be due to secondary fusion or to total 
degeneration. In the two genera of the Petropedetinae: Petropedetes 
and Arthroleptides. a condition is found which may be due to either 
primitiveness or degeneration. Its origins and insertions conform to 
Gaupp's description for Rana esculenta. Tt is, however, poorly 
developed appearing as a mere slip of a muscle. Whether this con- 
dition is due to primitiveness or not, it is common to Arihroleptides 
and Petropedetes favouring their inclusion in the subfamily Petro- 


pedelinae. 
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FIG. V.—Transverse section through the right thigh of “Arthroleptella 
(og e se. 1 m i 


bicol usculus tensor fasciae latae. 


“poor 
Other abbreviations as in previous figures. 


The adductor longus is covered by the sartorius except for a 
short distance near the distal end of the thigh. In Microbatrachella, 
Cacosternum and Anhydrophryme the adductor longus is completely 
covered for a short distance only, the rest being visible on the medio- 
ventral surface of the thigh. In Phrynobatrachus the adduector 
longus is a very broad muscle only partially covered by the sartorius, 


m.sart. 
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FIG. VI.—Transverse section through the right thigh of “Phrynobatrachus 
kinangopensis”. 
Abbreviations as in previous figures. 

The sartorius is a broad muscle lying superficially on the ventral 
surface of the thigh and shows no variations in the Ranidae. It is 
suggested by Noble (1922) that the primitive condition is disclosed in 
the Discoglossids, Pelobatids and the Pipids: Hymenochirus and Pipa, 
none of which possesses a satorius distinct from the semitendinosus. 
Xenopus, however, possesses a partly formed sartorius, Noble (1929) 
and Grobbelaar (1923) suggesting a specialization. In passing it may 
be pointed out that with regard to the Aglossa, Xenopus shows the 
same peculiarity concerning its sound conducting apparatus (De 
Villiers, 1932). Noble found that in the less specialized Discoglossids, 
Pipids and Pelobatids, the sartorio-semitendinosus retained its super- 
ficial position. In Xenopus the anterior portion is already partly split 
off as a sartorius; the posterior portion being divided into two heads 
in all primitive forms (Noble, 1922). 'The sinking in of the semiten- 
dinosus deep within the thigh undoubtedly must have occurred very 


gradually. 


As the posterior portion of the sartorio-semitendinosus is always 
divided into two heads, Latsky concludes that the degree of indepen- 
dence of the heads will, therefore, denote the degree of specialization. 
Latsky found the two heads to be fused over the greatest distance 
in Rana, over a shorter distance in Arthroleptella and Anhydrophryne, 
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whereas in Microbathrachella and Cacosternum even the distal tendon 
was partly divided. 


If the greater degree of fusion of the heads of the semitendinosus 
denotes primitiveness, Petropedetes and Arthroleptides can be grouped 
together and can be considered primitive as they have the heads 
fused over a greater distance than in Arihroleptella, Anhydrophryne 
Or Phrynobatrachus. Microbatrachella and Cacosternum ShOW 
specialization in having even the distal tendon partly divided. 


During the course of evolution the semitendinosus can shift from 
its position ventrally between the sartorius and the gracilis major 
so as to appear on the surface medially between the semimem- 
branosus and the gracilis major. 'This condition is realized in 
Cacosternum and Phrynomerus (Latsky, 1930) and in Microbatrachella 
and Arthroleptella. 


m. iLint. 


m.ileo-fib. 
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TIG. VIL—Transverse section through the left thigh of “Microbatrachella 
capensis”. 
Abbreviations as in previous figures. 
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According to Noble, the origin, innervation and insertion point 
to the fact that the gracilis minor is a separate slip of the gracilis 
major. In Ascaphus Noble found only the prozimal half of the gracilis 
minor to be distinct from the gracilis major, whereas in Hymenochirus 
this muscle is absent. 


In the majority of forms investigated by her, Latsky found only 
dimensional variations in the gracilis minor. In Anhydrophryme, 
however, she states that the gracilis minor is, anatomically speaking, 
absent. 


Contrary to the above, the gracilis minor was found to be present 
in every investigated form including Anhydrophryne, in which case 
no divergence from the normal condition, as described by Gaupp in 
Rana esculenta, was found, except for a larger skin attachment. Even 
distally the gracilis minor is normally attached to the tendon of the 
gracilis major. 


m.iLint. 


m.sart. 


m.gl.mag. 


m.ileo fib. 


EN section through the left thigh of “Anhydrophryne 


Abbreviations as in previous figures. 


In support of his statement, that in the Pro-Salentia, the adductor 
magnus consisted of two separate muscles of different origin, Noble 
points out that these muscles are still separate in the Pipidae and 
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Pelobatidae and only partly fused in the Discoglossidae, whereas in 
the more specialized families the fusion is more pronounced. 'This 
latter manifestation Latsky regards as due to specialization, so that 
a greater individuality of the two capita would portray a more 
primitive condition. Accordingly Latsky regards Arthroleptella as 
the most primitive and Microbatrachella as the most specialized genus. 
Cacosternum and Anhydrophryme would then occupy an intermediate 
position. 


The proportional degree of fusion of the capita of the adductor 
magnus varies so little in the investigated genera, that I cannot 
associate myself with the above statement. 


The other muscles are not considered to be of any taxonomic 
value by either Noble or Latsky, and in the forms investigated by 
me they also show no variations. 


With regard to the distal insertions of the tendons, the forms 
investigated by me agree with Noble's description. 


The results arrived at are of a tentative nature only, since the 
Comparative development of the thigh musculature of the Anura is 
unknown; conseauently it is impossible to state conclusively whether 
the differences regarding the relationships of the muscles between 
one species and another are primitive and of phylogenetic value or 
whether they are merely of a neotenic nature. Although the Anura 
as a group is not meotenic, certain systems of organs, especially the 
skull and shoulder girdle, have been profoundly altered through the 
agency of neoteny (Latsky, 1930; De Villiers, 1934). Much more work, 
especially on the skeleton and vascular system, is reduired before 
the extent to which neoteny has been responsible for the apparent 
heterogeneity of the group can be fully assessed. 
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SUMMARY 


1. The muscles showing variations are the triceps femoris, the 
adductor longus, the adductor magnus, the sartorius, the semiten- 
dinosus, the gracilis major and the gracilis minor. 


92. 'The extent of fusion between the cruralis and glutaeus, and 
the poorly deveioped adductor longus favour the grouping together of 
Arthroleptides and Petropedetes and support the view that these 
genera are the most primitive of the investigated Ranidae. 


3. A fusion of the glutaeus magnus and cruralis before the distal 
attachment has been found in Anhydrophryne. 


4. Microbatrachella is specialized in having the cruralis and 
glutaeus magnus individually attached to the common distal tendon. 


5. A shifting of the semitendinosus from its original ventral 
position to a median one between the gracilis major and the semi- 
membranosus was demonstrated in Cacosternum, Microbatrachella and 
Arthroleptella. 


6. A gracilis minor is present in Anhydrophryne. 


Stellenbosch, 
November, 1940. 
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